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Executive Overview

1,3-Dioxolane (Dioxolane) is a dstable reaction product of ethylene glycol and formaldehyde used
primarily as a monomer for production of high-molecular weight polyacetals. Other uses are as a
chemical intermediate, process solvent and stabilizer for halogenated solvents. It isavolatile
liquid that is miscible with water in al proportions. Dioxolane has a production volume
exceeding one million pounds per annum; hence, it was listed by the Environmental Protection
Agency on itslist of chemicals in the High Production Volume Chemical Challenge Program.
This document is Industry’s response to the EPA chalenge to define the toxicologicaly relevant
data set within the HPV guidelines and fill gaps in our knowledge.

The physicochemical properties of Dioxolane are well defined. High water solubility and
moderate volatility are defining characteristics. Environmental fate data are available from a
combination of experimental and modeling data. Dioxolane is not readily biodegradable, is stable
in water for over a year in the pH 4 to 9 range and has an estimated photodegradation half-life in
air in the range of 10 to 30 hours. Predicted vaues for fugacity have been caculated with the
MacKay model, which indicate an initial primary distribution in water; however, experience
shows that in open systems it rapidly volatilizes to ar where it will be destroyed by
photooxidation. Fish, daphnia and green algae are only acutely affected by Dioxolane at
concentration levels greater than severd hundred ppm. Dioxolane demonstrates a low order of
acute toxicity to mammals by the ord, inhaation and derma routes. Genotoxicity has been
evaluated using multiple in vitro and in vivo experimental procedures covering both mutation and
chromosome aberration. The weight of evidence indicates lack of significant genotoxic

properties. Reliable repeat-dose studies have been conducted by the ora and inhaation routes and
a high-reliability 13-week inhalation study is available. The blood forming system was found to
be the most senditive target organ with a clear 13-week NOAEL of 300 ppm by inhaation.
Reproductive toxicity has been evauated in one-generation drinking water and inhalation studies.
Adverse reproductive effects are absent a dosage levels below maternaly toxic doses.
Developmental toxicity results are available indicating that Dioxolane is not a specific
developmental toxin.

No additiona testing is required under the EPA HPV Chdlenge Program as al relevant

parameters are  sufficiently characterized by the existing data and acceptable modeling. The
agquatic stability and poor biodegradation in an OECD 301 ready biodegradation test indicate
exposure of humans and aguatic organisms by way of the agueous compatment would be the
only area of potentid concern. Data from the manufacturers, however, indicate that the level of
Dioxolane being released from waster treatment plants is below the limit of detection or very low
relative to its effect level. This suggests degradation in waste treatment plants and, coupled with
the low toxicity, indicate low potentiad for harm by this route. Industrid exposures are two orders
of magnitude below the subchronic NOEL and consumer exposures are negligible. There is a low
priority for additional work on Dioxolane.
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Test Plan in Table Format

>
séﬁ
CAS1N3u g.ber 646-06-0 -i>°¢ c’b* S @8\ (s /® Q_o°‘
,3-Dioxolane 6‘" 00 Q@ ‘g o Q.gp o
k°‘ ({/o Q & /& /e £
K /& Sy SSF A AL
HPV Endpoint

Physical Chemical
Melting Point Y N N N N Y N
Boiling Point Y N N N N Y N
| Vapor Pressure Y N N Y N Y N
Water Solubility Y N N N N Y N
Partition Coefficient Y N N N N Y N
Environmental & Fate
Photo-Degradation Y N N N Y Y N
Water Stability Y Y Y N N Y N
Transport Y N N N Y Y N
Biodegradation Y Y Y N N Y N
Ecotoxicity
96-Hour Fish Y Y Y Y N Y N
48-Hour Invertebrate Y Y Y Y N Y N
72-96-Hour Algae Y Y N Y N
Toxicity
Acute Oral Y N N Y N Y N
Acute Inhal Y N N Y N Y N
Acute Dermal Y N N Y N Y N
Repeated Dose Y Y Y Y N Y N
Reproductive Y N N Y N Y N
Developmental Y Y Y Y N Y N
Genetic Toxicoloav in vitro Y N N Y N Y N
Genetic Toxicoloav jn vivo Y N Y Y N Y N
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[ntroduction

1,3-Dioxolane, CAS Number 646-06-0, (Dioxolane) is a cyclic reaction product of ethylene

glycol and formaldehyde. It isavolatile liquid miscible with water in all proportions. Its
dructure  is.

]

Use Pattern
The primary uses for Dioxolane are:

Co-monomer for manufacture of polyacetals and other polymers.
Solvent  for chemical reactions (including inorganic sdlts).
Stahilizer for halogenated organic solvents

As a dating materid or reagent for organic synthesis

0Do0O0o

Among these potentidl uses 95% or more of the current production is consumed in ether the
production of polyacetals or as a darting materiad for the production of a drug substance, Almost
al of the remainder is used as a process solvent. There are currently no consumer applications for
Dioxolane. Thus, al exposure occurs in industrial settings where the material is a desired

reaction product or used as a reactant or solvent. In these circumstances, exposures are well
controlled by standard industrid hygiene practices. The majority end product of Dioxolane,
Polyacetals, are very high molecular weight compounds of little toxicologica concern. This
plastic is strong and ridged and replaces metals in many engineering applications, especialy
where low-friction properties are important. The polymer contans a very low level of free
unpolymerized Dioxolane and consumer exposure represents a negligible risk. FDA has approved
polyacetal for food contact use and NSF has approved it for potable water.

Exposure Information

The limited use pattern for Dioxolane reduces the potential for exposure of humans or
environmental  species. Human exposure is thought to be limited to production workers involved
in the manufacture of Dioxolane, the production of polyacetals, or the use of Dioxolane as a
chemical intermediate. Exposure data from industrial hygiene monitoring of production and
polyacetd manufacturing areas from a mgor producer indicates that worker exposure levels are
low. In a period of severad years of monitoring, data from 9 1 separate measurements of air
concentration (time-weighted averages of 6 to 12 hour monitoring) showed an average level of
029 + 039 ppm. The range of values was from O to 1.6 ppm. Another producer conducts annual
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monitoring and the value has been less than 1 ppm (the level of sensitivity) over the lifetime of
the monitoring  program.

Environmenta releases of Dioxolane could occur from released vapors or from wastewater
effluent. Measurements of released vapor concentration are not avalable, but vapor release is
consdered minimal based on levels measured in the workplace. Wastewater has been monitored
for releases and Dioxolane concentration has been found to be below the limit of detection (0.1
ppm) in one plant. In another plant, it was found to average about 4 ppm with a higher release just
after startup of production and Dioxolane release fdling to below the limit of detection (1 ppm)
dfter the dart-up period. All known users of commercid Dioxolane have an approved wastewater
treatment facility on site. Thus, aquatic releases are considered minimal.

Synonyms

e« CASRN: 646-06-0

¢ 1,3-Dioxacyclopentane
¢ 1,3-Dioxolan

s Dioxolane

¢ 1,3-Dioxole, dihydro-
s Ethylene glycol formal
¢ Forma glycol

¢ Glycolformal

e Glycol methylene ether

Physical-chemical Data (HPYV)

Physica-chemica data for Dioxolane are available from the literature and company sources.

Melting Point -95 deg C !

Boiling Point 78 C @ 765 mm Hg'

70 mm a 20 deg C.°
79 mm at 20 deg C.

Partition Coefficient log Ko =+ 0.37 #

Vapor Pressure

Water Solubility Soluble in all proportions

Summary: Dioxolane is avolatile water-soluble liquid that distributes preferentially into water
over n-octanol.

Recommendation: Dioxolane is sufficiently well characterized regarding these parameters for
the purposes of hazard and risk assessment. No additiond work is recommended.

HPV Tedting Plan 1,3-Dioxolane (CAS Number 646-06-0)



Miscellaneous  Properties  (non-HPV)

e Empirica formula C;HO,

e Molecular Weight 74.09

e Flash Point: 3 5 deg F (167 deg C) (Open Cup)

o Density/Specific Gravity: 1.0600 @ 20 deg C

o Bulk Density: 8.2Ib/gal @ 20 deg C.?

e Solubilities: Soluble in water, acohol, ether, acetone

Environmental Fate and Pathways

Photodegradation

Photodegradation was estimated using verson 1.90 of the Atmospheric Oxidation Program for
Microsoft Windows (AOPWIN) that estimates the rate constant for the atmospheric, gas-phase
reaction between photochemically produced hydroxyl radicls and organic chemicals.® The rate
constants estimated by the program are then used to calculate amospheric haf-lives for organic
compounds based upon average atmospheric concentrations of hydroxyl radica. In the case of
Dioxolane, the APOWIN edimate for the reaction rate is based on simple hydrogen abstraction.
Compounds similar to Dioxolane give a good correlation between estimates and measured vaues
for this rate constant. Thus, this method is expected to provide an accurate estimate of the
reaction rate constant with hydroxyl radica. Using this estimated value and the default in
APOWIN for atmospheric hydroxyl radical concentration, the estimated half-life is
approximately  11.5 hours.

Another estimate for atmospheric fate is reported in the Nationa Library of Medicine's

Hazardous Subdance Data Base file (HSDB) as follows. “Based on the vapor pressure of 79 mm
Hg a 20 deg C, 1,3-dioxolane is expected to exist amost entirely in the vapor phase in the
ambient atmosphere. Vapor phase 1,3-dioxolane is degraded in the ambient atmosphere by
reaction with photochemically formed hydroxyl radicas, the haf-life for this reaction in ar can
be esimated to be about 1.1 days.*” The reference used in this HSDB entry is to the Atkinson
SAR method for estimation of the rate constant for the reaction of various organic chemicas with
hydroxyl radicas in the gas phase. This edtimate varies only dightly from that obtained with the
current APOWIN program in EPTWIN®,

Water  Stability

Water stability has been determined for Dioxolane using an OECD 111 compliant protocol. In
this study, Dioxolane was incubated for four days & pH 4,7 and 9 at 5 1 ° C. Hydrolyss was
below five percent at all pH values. Accordingly, Dioxolane is estimated to be stable in the
aguatic environment under typica environmental conditions for over one year. It should be
recognized that volatilization would occur and result in loss of Dioxolane if the aguatic system is
exposed to ar.
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Theoretical  Digtribution

Theoreticd Distribution (Fugacity) was estimated using the MacKay (Level 1lI) mode with
sandard defaults contained in EPIWIN v 3.05. The results for distribution using a mode
cdculaed Ky of 0.175 are

o Air 41 %
0 Water 54 %
0 il 42 %
0 Sediment 01 %

Biodegradation

A recent Closed-Bottle Test (OECD 301D) indicates that Dioxolane is not considered readily
biodegradable, consuming only 3.7% of the theoretica oxygen demand after 35 days of
incubation. Positive and negative controls in this study were in the norma range.8

A <reening leved BOD,s study sponsored by Celanese provides support for the closed bottle test.
In this study using municipd secondary dudge, the BOD;s was 0.063 mg oxygen taken up per mg
compound. This indicates a 12% biodegradation in 15 days for dioxolane. The BOD,, wes
reported to be 0035 mg suggesting that moderate to dow degradation was occurring under these
conditions.’

Voldtilization from surface waters is expected to be a dgnificant means of loss from the aguatic
compartment.  This estimate is based on the experimentaly derived Henry's Law Congant of
2.4x10”° am-cu m/mole a 25°C."® The experimenta Hem-y's Law Constant is aso given in the
EPIWIN program as 2.45x10”° am-cu m/mole and referenced as Cebani et d.” Both of these
experimental values are in accord with the esimate of 2.23x10° am-cu m/mole cdculated by the
HENRYWIN v3.1 program found in EPIWIN.? The extent of biotic and abiotic degradation has
been established to be low since Dioxolane is stable in water and does not readily biodegrade.

The log K, of -0.37 suggests low hioaccumulation potential.

Summary: Dioxolaneis chemically stable in the aguatic environment. It does not readily
biodegrade and the primary fate for materia entering the environment is photodegradation by
atmospheric  hydroxyl radical. The high volatility and magnitude of the Henry's Law constant
suggest that Dioxolane will efficiently volatilize from open systems and undergo atmospheric
photo-oxidation. The Octanol-water partition coefficient indicates that it has low potential for
bioaccumulation.

Recommendation:  Physical constants necessary for estimation of distribution of Dioxolane in
the environment are well known and no additiond work is recommended for physica condants.
Regarding fate in the environment, no new testing is required under HPV. Although Dioxolane is
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hydrolytically stable and not readily biodegradable, the manufacturers find that the Dioxolane is
either undetectable (limit of detection 0.1 ppm) in waste-treatment plants or reduced by about
85% by trestment'* 3. These data suggest that Dioxolane is to a great extent removed by an
acclimated wastewater treatment facility and, since it has demonstrated low toxicity to aquatic
organisms, no additional testing is recommended.

Ecotoxicity

Fish

Dioxolane was found to have a low order of toxicity to typica aguatic environmental species.
The LCs, (96 -hour) for freshwater fish was found to be greater than 954 mg/l in a recent OECD
203 guideline compliant study." The LC, and the NOEC were found to be 95.4 mg/l. The study
was conducted as a datic-renewa sudy with daily renewad of test solution to prevent loss due to
volatilization. No mortaity was observed in this limit test.

A screening level study in sdtwater fish, sponsored by Celanese, was conducted in which
Sheepshead  minnows  (Cyprinodon variegates, five per group) were exposed to Dioxolane at
concentrations of 7500, 11000, 13000, 15000 and 25000 mg/l. In this study, the 48=hourLCs,
was reported to be 12000 mg/l and the 96-hour LCy was 7500 mg/l, the 96-hour LCsq Was

reported to be 10000 mg/l. A clear doseresponse was established with a 24-hour mortdity of 5/5
at 25000 mg/1.° Based on the volatility of Dioxolane, the actual value for the ECs, in this study is
likely lower than reported since the actual average concentration was probably lower than the
nominal concentration. Nevertheless, this study supports the low order of toxicity found for
Dioxolane toward bluegill sunfish in the OECD 203 guiddline study. Other support for a low-
level of toxicity comes from modeling. Using the EPA ECOSAR model found in EPIWIN the 96-
hour estimated LCsy for fish is 8150 mg/l, a vaue close to that reported in the screening-level
study.’

Aquatic  Plants

Adverse effects on aguatic plants were examined in two dudies. The firg is a recent OECD 201
compliant study in which the E,Csp and E,Cso (O-72 hours) were >877 mg /1 (based on measured
concentrations). The 72-hour no-observable-effect concentration (NOEC) was 877 mg/l." The
877 mg/l concentration was the highest level tested. The second study is an older screening level
study in which Dioxolane was tested for growth inhibition of Selenastrum capricornutum. In
this study, agee growth was measured out to 14 days past initid exposure a levels of 1000, 5000
or 10000 mg/1 with counts recorded on day 3 and later. Significant inhibition was seen only a
5000 mg/l and above. In this study, 1000 mg/l was determined to be the NOEC.” The EPA
ECOSAR Modeling Program found in EPIWIN, estimates the 96-hour ECse for green dgee to be
4075 mg/l.?
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Aquatic  Invertebrates

Daphnia toxicity was evaluated in a definitive OECD guideline study and in a screening-level
sudy. In the first, which followed the OECD 202 guideling, the ECsp (48 hour) was >772 mg/]
under dtatic renewa conditions to ensure exposure to representative concentrations of
Dioxolane.'®

The second study is a screening level sudy, in which Dioxolane was tested a 1000, 5000, 6500,
8000, 9000, 10000 or 12500 mg/l. In this study, the 24-hour ECs, was reported to be 7650 mg/l
and the 48-hour ECsp was reported to be 6950 mg/l. Twenty daphnids were exposed and a clear
doseresponse  relationship  was  obtained” Based on the volatility of Dioxolane, the true value for
the ECso in this study may be lower than reported. Neverthdless, this study supports the low order
of toxicity found for Dioxolane toward daphnids. Using the EPA ECOSAR mode, found in
EPIWIN, the 48-hour estimated LCs, for daphnia is 7,400 mg/1.°

Summary: The ecotoxicity results clearly indicate that Dioxolane is of low concern to aquatic
environmental species. In addition, the volatility of Dioxolane would limit the level of materid
found in surface water.

Recommendation: The toxicity of Dioxolane to aguatic organisms is sufficiently well
established. The high volatility limits the extent to which terrestrial organisms will be exposed to
Dioxolane. No additional testing is required.

Health Elements

Acute Toxicity

Oral Route

The ord LDs in the rat was determined to be 5200 mg/kg in a 1980 study sponsored by Celanese
Corporation.'” This was a fivedose sudy and the clinicd signs associated with gavage exposure
are well documented. In another study found in the literature, Czajkowska, et aL'® reported the
oral LDs, of Dioxolane as 5,800 mg/kg. A limit test conducted by Hoechst', reported the oral
LDso to be greater than 2000 mgikg. In a 1949 report, Smyth, Carpenter and Weil reported the
ora LDs, of Dioxolane as 3000 mg/kg.*°

Dermal  Route
In a journa aticle by Czakowska et d., the dermal LDj, of Dioxolane was reported to be about
15,000 mg/kg in abino rabbits.”
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Inhalation Route

Acute inhalation studies reveded that the 4-hour acute LCs, is 684 mg/l in Sprague-Dawley ras.
Nomina exposure concentrations for were 201.9, 88.4, 679, 60.6 and 37.9, milligrams per liter
(mg/1). Respiratory and neuromuscular abnormalities were the immediate responses to the test
materid  during the exposure and during the four hour-post-exposure observation periods.
Severity and incidences of these findings followed a concentration-related pattern. During the
14-day post-exposure observation period, al survivors appeared to recover by day 4. Most
surviving animas appeared to regain pre-exposure body weights by Day 7 and showed norma
weight gain paterns during the second week. Necropsy findings reveded high incidences of lung
and liver discoloration as well as bladders distended with fluid and gastrointestinal tracts

disended with gas in animds dying prior to scheduled sacrifice The frequency of these findings
appeared to be concentration related. 2!

Czajkowska, et a, also reported acute inhalation study results.” The LCsy concentrations were
118 mg/1 in the rabbit (exposure time not given), 87 mg/l/ (4 hours) in the mae rat and 166 mg/l
(4 hours) in the guinea pig.

Summary: The acute toxicity of Dioxolane is well characterized by the available studies. There
isagood correlation between the oral LD, and the inhalation LDs,. Using a typical value of 75
ml for the minute volume of a 250-gram rat, the inhalation LDs, corresponds to a rat breathing in
about 4900 mg/kg during the 4-hour inhaation exposure; this is similar to the ord dose producing
lethality. Deaths occurred rapidly suggesting a CNS/respiratory system depression as the likely
mechanism. Surviving animas showed norma weight gains within a few days after exposure.

Recommendation: Acute toxicity is sufficiently well characterized by the available studies. No
additiona  testing is recommended.

Repeated Exposure Toxicity

Oral

In a 14-day gavage sudy conducted by Hoechst Celanese Corporation®, groups of 10 rais of each
X were administered Dioxolane in comn oil by gavage for 14 consecutive days. Dosage levels
were 0, 75250, 750 and 2000 mg/kg/day, plus a water-gavage control. Animas were sacrificed
on the 15" day and necropsied. Histopathologic examination was conducted on severa organs.
Blood was removed for hematology. Chemically related mortality was limited to 3 high-dose
maes and 4 high-dose femaes during the study. Mae rats a dosages of 250,750 and 2000
mg/kg/day showed dosage-dependent decresses in platelet counts and reduced body weight gains
and feed consumption values. The 750 and 2000 mg/kg/day dose groups had increased relative
weights of the liver and lungs and reduced relative weight of the thymus. The 2000 mg/kg/day
dosage group had increased relative kidney weights and reduced relative spleen weight. The 2000
mg/kg/day dosage of Dioxolane aso produced adverse clinicdl signs, necropsy findings and
histopathologic changes in the liver, thymus, kidneys and testes (centrilobular hepatocel lular
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hypertrophy and midzona hepatocellular vacuolation; thymic atrophy; renal cortica tubular
basophilia and dilatation and accumulations of birefringent intratubular crystals, subacute rena
pyelitis and multifocal testicular degeneration (testicular degeneration in two of ten males).

In female rats, administration of Dioxolane at dosages of 750 and 2000 mg/kg/day Ccaused
increases in relative liver weights and a decrease in relaive weights of spleen and thymus. The
2000 mg/kg/day dosage group aso had incressed relative kidney weights and a reduced relative
pancreas weight. Dosages of 250 mg/kg/day and higher reduced body weight gains, feed
consumption values and lymphocyte counts. Dosages of 750 and 2000 mg/ kg/day caused
clinical observations, and the 2000 mg/kg/day dosage dso caused a gross lesion, reduced platelet
count and histopathologic changes in the liver, kidneys and thymus (centrilobular hepatocel lular
hypertrophy and midzona hepatocellular vacuolation; thymic atrophy; subacute renal pyelitis).
The NOEL for Dioxolane was 75 mg/kg/day.

In a 4-week “pilot study”, groups of 20 mae and 20 femae abino rats, abino mice and Syrian
hamsters were exposed to Dioxolane in drinking water a concentrations of 0,0.5, 1 .0 and 2.0%.%
Body weight and water consumption were the only parameters recorded. Rats of each sex showed
reduced body weight gains & the two highest dose levels. Body weight gains of high-dose mice
and hamsters adso appear to be affected but did not achieve dstatisticd significance. The authors
of the report only noted the datisticaly sgnificant changes in body weight gains for rats (males,
10% and 20 % dose levels, femaes 2.0% dose level). Hamsters appear to be less sendtive to the
toxic effects of dioxolane than rats and mice, rats appear to be the most sensitive based soldy on
body weight gains. The actua dosing for the mae rats a 1% in drinking water with water
consumption at 30 ml per day calculates to approximately 1000 mg/kg/day Dioxolane. Thisis the
approximate dose level were body weight changes are observed in other repeat-dose studies.

Inhalation

A two week inhadation toxicity sudy, sponsored by Celanese was performed using groups of rats
(5/sex/group) exposed for six hours per day, five days per week, for two weeks to Dioxolane
vapor a concentrations of 0,3 and 10 mg/1 (984 and 3280 ppm). All animas survived the
duration of the sudy. No treatment related observations were recorded. Body weights, organ
weights, clinicd chemidtry parameters, and macropathology were unremarkable in  treated
animals. Depressed leukocyte vaues in male and female exposed animals may have indicated a
response to treatment.”*

In a 2-week inhaation study sponsored by Dow Chemicd Co, groups of five mde and five
femae Fischer 344 rats were exposed to concentrations of Dioxolane targeted to be 0, 500, 2000,
and 5000 ppm. Animals were exposed for 6 hours per day, five daysweek for nine exposures at
measured concentrations of 0,5 16,23 19, and 5 132 ppm. Study parameters included body
weights, organ weights, hematology, clinicad chemistry, and gross and microscopic  pathology.
Exposure related and concentration-dependent effects were dlight incoordination (5000 ppm
mdes and femaes) during and following each exposure, decreased mean body weight during
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week two of exposure (5000 ppm maes and femaes), and decreased white blood cel (WBC)
counts (2000 and 5000 ppm maes and femaes). Transitory incoordination was not associated
with microscopic changes in tissues examined from the centra and periphera nervous system.
Decreased WBC counts were not associated with morphologic aterations in the bone marrow,
spleen, thymus, or lymph nodes. In addition, there were no exposure-related microscopic changes
in any other organ or tissue. The NOEL for mae and femde rats was 500 ppm.”

Summary: The repeated-dose toxicity sudies indicate that Dioxolane has a low order of toxicity
with the most senstive organ system probably being the blood-forming organs. There is a good
correlation of effects and dose levels between the gavage and the inhalation studies. The NOAEL
and LOAL for gavage were 75 and 250 mg/kg/day, respectively; and the NOAEL and LOAL of
the 14-Day Dow inhalation studies were 500 and 2000 ppm, respectively. Using a 75 ml minute
volume for a 250-gram rat assuming 50% absorption the 500 and 2000-ppm concentration
correspond to about 80 and 325 mg/kg/day absorbed Dioxolane, respectively. Toxic effects and
relative sengtivities, thus, appear not to be greatly route dependent.

Recommendation: The effects of repeated-dose administration of Dioxolane are sufficiently
well characterized. No new dudies ae required

Subchronic Toxicity

A 13-week inhdation study in rats conducted by Dow Chemica Company (1990) used 10 rats
per group and satellite groups of 10 rats of each sex per dose level and control that were alowed
an 8-week recovery period. Dose levels were 0,300, 1000 and 3000 ppm with a six-hour per day
exposure five days a week. At the end of the exposure period, urine was collected, animas were
sacrificed, blood was taken for hematology and chemicd chemistry, and animals were submitted
to a complete necropsy. Severa organs were weighed and many tissues were fixed, sectioned,
stained and examined microscopically. The satellite animals had blood samples taken at four and
thirteen weeks of exposure and again a four and eight weeks into the recovery period. Satellite
rats were necropsied a the end of the eight-week recovery period. In maes, no significant effects
were reported in the 300 or 1000 ppm group and the 3000 ppm group showed decreased dertness
a the end of each exposure, reduction in leukocyte count, decreased urine specific gravity,
decreased spleen weights and microscopic  examination revedled that hepatocytes in the
centrilobular regions of lobules were dightly larger and had more cytoplasmic eosinophilia than
controls. In females, no significant effects were reported in the 300-ppm group. At 1000 ppm the
females showed reduced spleen weights and incressed reldtive liver weights. The 3000-ppm
group showed decreased dertness at the end of each exposure, reduction in leukocyte count,
decreased urine specific gravity and decreased spleen weights. Overdl, the primary effect of
dioxolane inhalation exposure to rats appears to be a reduction in white blood cells counts at 1000
or 3000 ppm. Rats appeared hedlthy, body weight gain was not affected and there was no
corresponding myeloid toxicity, dthough there was a dight reduction in myeloid cells of the bone
marrow at 3000 ppm. Exposure related pathologic effects were limited to slight enlargement of
centrilobular  hepatocytes of males at 3000 ppm. There was no indication of testicular toxicity
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based on careful light microscopic examination. The NOAEL was 1000 ppm for maes and 300
ppm for females.”

Czakowska et a. reported a seven-month gavage study. In this sudy, dioxolane was
administered as a 20% agueous solution to groups of 810 rats by gavage a 1/10 (580 mg/kg),
1/40 (145 mg/kg) and 1/80 (725 mg/kg) of the singledose LDsy for 7 months. In addition,
undiluted dioxolane was administered a 580 mgikg to a group of rats for a period of 4 months.
Mortdlity, appearance and behavior were recorded and body weight was determined once a
month. After completion of the 7-month exposure period, some hematology and biochemistry
paameters were measured, animals were necropsed and Selected organ  weghts were
determined. Effects were seen primaily in high-dose animas dosed with undiluted Dioxolane.
These animas, dosed for only four months, showed reduced (about 20%) body weight gain,
hypokinesis, dightly weakened muscular force and dight paresis of hind legs. The animas
receving the same dose level of Dioxolane as a water solution for seven months showed a dight
increase in body weight gain. These high dose animals given aqueous dioxolane showed dightly
reduced (20% as compared to control) activity of whole blood acetylcholinesterase. The 0.145
mg/kg dose group showed a 12% increase in eactivity of whole blood acetylcholinesterase. It was
concluded that there was no evidence for “accumulative effects’ of dioxolane under these
conditions*’ It is not known why the effects of undiluted dioxolane were different from diluted
dioxolane a the same dose on a mgikg basis. The agueous high-dose of 580 mg/kg/day appears
to be a NOEL with regard to body weight gain which was the best-documented adverse effect.

Summary: Subchronic administration of Dioxolane produced effects similar to those reported in
the repeated-dose studies. The most sensitive target organ in the subchronic inhalation study was
the blood forming system, manifest as reduction in WBCs and platelets and changes in spleen
weight appear in rats. The inhaation NOEL for these effects was found to be 300 ppm for
femdes and 1000 ppm for maes in a 13-week Study. The seven-month gavage study indicated
low toxicity for the test materid. The potential for neurotoxicity, suggested by the perceived
neuromuscular  effects a the high-dose level, was investigated by measurement of blood
cholinesterase activity at the end of the exposure period. The statistically significant reduction in
cholinesterase a the high dose was not supported by the lower dose, which showed higher
activity than control. In addition, the correlation between blood cholinesterase and
acetylcholinesterase in the neuronal receptor is weak and the magnitude of the observed
depression is not convincing, especidly in light of the length of exposure.”® No other indication of
neurotoxicity, other than transient solvent depression of the CNS, has been reported for

Dioxolane and there is insufficient evidence to suggest neurctoxic potential based on these data

Recommendation: The subchronic effects of Dioxolane are sufficiently well characterized for
purposes of hazard and risk assessment. No new sudies are recommended.
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Genetic Toxicology In Vitro

The mutagenicity of Dioxolane was evaluated in Salmonella tester strains TA98, TA 100,
TA1535, TA1537 and TA1538 (Ames Test), both in the presence and absence of added metabolic
activation, using Aroclor-induced rat liver S9 fraction, in a study sponsored by Celanese and
conducted by Litton Bionetics. Dose levels were selected based on a preliminary toxicity
determination. Dioxolane, diluted in ethanol, was tested at concentrations up to 50 ul/plate using
the plate incorporation technique. Dioxolane did not cause a positive response in any tester strain
with or without metabolic activation.*’

An Ames test of Dioxolane was conducted by Goodyear in Samonella tester strains TA98,
TA100, TA1535 TA1537 and TA1538, both in the presence and absence of added metabolic
activation by Aroclor-induced rat liver S9 fraction. Dioxolane, diluted in DM SO, was tested at
concentrations up to 1000 pg/plate using the plate incorporation technique. Dioxolane did not
produce a reproducible positive response in any tester strain with or without metabolic
activation.”

Ancther Ames test of Dioxolane was conducted a Hill Top Labs using Samonella tester strains
TA98, TA100, TA1535 TA1537 and TA1538, both in the presence and absence of added
metabolic activation by Aroclor-induced rat-liver S9 fraction. Dioxolane was tested using the
plate incorporation technique a concentrations of 0.05 to 50 microliters per plate. Dioxolane did
not demonstrate a positive mutagenic response under these conditions.’!

The mutagenicity of Dioxolane was evaluated in Salmonella tester strains TA1535, TA1537 and
TA1538 (Ames Test), and in Saccharomyces cerevisae strain D4, both in the presence and
absence of added metabolic activation by induced rat, mouse or monkey tissue S9 fraction from
liver, lung and testis from animals pretreated with a“mixture of polychlorinated biphenyls’.
Sadmonella were incubated with test substance both as suspension incorporation tests (at 0.75 and
15%) and as a plate incorporation test a 1.5% using rat liver lung and testis. With the tissues
from other species, only plate-incorporation techniques were used for bacteria. Suspension tests
with yeast were conducted a concentrations up to 5.0% using non-activation and activation
conditions. Activation conditions for yeast cultures used only rat tissues (livers, lungs and testes).
Dioxolane did not cause a positive response in any tester stran with or without metabolic
activation.”

The ability of Dioxolane to cause aberrations in Chinese hamster ovary (CHO) cels in vitro was
evaluated in the presence and absence of Aroclor-induced rat-liver S9 metabolic activation. Based
on preliminary toxicity tests, nonactivated and activated cultures were treated with 0, 2.0, 3.0, 4.0
or 5.0 mg/ml. Nonactivated cultures were incubated with Dioxolane for 7.5 hrs and activated
cultures were incubated for 2 hrs, A totd of 100 cells were scored/each of two replicate
cultures/dose level. There was no toxicity observed a the highest dose level in either the
nonactivated or activated cultures. None of the test cultures exhibited a significant increase in the
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frequency of cells with chromosome aberrations in either the nonactivated or activated systems
compared to the negative control.”

The ahility of Dioxolane to induce specific locus mutations a the TK locus in cultured L5 178Y
mouse lymphoma cells (Mouse Lymphoma Mutagenicity Assay) was evaluated in the presence
and absence of Aroclor-induced rat liver SO metabolic activation. Based on preliminary toxicity
determinations, nonactivated cultures were tested with concentrations ranging from 750 nl/ml to
5000 nl/ml, producing a range of 85 » 61% relative growth. Activated cultures treated with
concentrations ranging from 750nl/ml to 5000nl/ml produced a range of 77.8 « 95.1% relative
growth. None of the cultures produced mutant frequencies significantly greater than the water

4
control >

Dioxolane was tested in the presence and absence of an activation system for detection of its
DNA damaging potentid in the SOS assay. This assay is based on the test agent inducing beta-
galactosidase (GAL) activity in Salmonella-typhimurium strain (TA-1535/pSK1002). GAL is
coded by the lacZ gene and controlled by the fused umuC and lacZ gene in the pSK plasmidby
induction of umu gene expresson. The potentid to induce SOS response was monitored by
measuring the celular 6-galactosidase activity. Under the conditions of this assay, Dioxolane was
negative.*

Dioxolane was tested in C3H/1011/2 cell cultures in vitro for cytotoxicity and cell transfor-
mation. Evidence of transformation was observed in the colony and foci assay methods. Because
of the dose range employed and the type of transformation observed, Dioxolane was considered
to have weak positive activity in C3H/1011/2 cell cultures.”® The data suggest transforming
activity but there are serious issues of concern with the data. The poor reproducibility on different
days, the lack of clear dose-concentration relationships, the test materid sporadicaly giving
results similar to positive controls and &t other times no response, and the lack of high-
concentration toxicity data makes it difficult to conclude that this assay represents a positive
finding. A more appropriate interpretation of the data is “not interpretable”’ as to genotoxic
potential.

Dioxolane was tested for its ability to produce cdl transformation in Balb/c-3T3 cdlis

Treatments were conducted a multiple dose levels, including dightly cytotoxic concentrations, in
sedled flasks to prevent volatilization. . The transforming activities of all five doses of Dioxolane
were comparable to the spontaneous background average of 0.12 foci/culture vessdl and there was
no evidence of a doserelated response with the test material. This range of test materia
treatments corresponded to O to 85% survivadl in the simultaneous colony survivdl assay and did
not induce a dggnificant increase in the appearance of transformed foci. Therefore, the test

materid was considered to be inactive in the Balb/c-3T3 in vitro transformation assay.’’
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Genetic Toxicology In Vive

The possible genotoxic effects of dioxolane were studied using the micronucleus test in a
published study. Mice were given dioxolane ip in two doses a 24 hr intervals. Dioxolane a doses
from 1500 mg/kg to 6000 mg/kg caused a significant increase of micronucleated polychromatic
erythrocytes in bone marrow of mice as compared to the negative control value. Positive results
in the micronucleus test provide evidence of genotoxic activity for Dioxolane. This sStudy was
considered potentialy spurious, as no other genotoxic activity of Dioxolane was known, the study
was not conducted under glp conditions, experimentd details were lacking and the purity of the
test materid was not specified. ** Because of the questions surrounding the reliability of this
report, Hoechst Celanese conducted a more robust glp-study, in which no genotoxic activity was
found. This is reported below.

A glp mouse micronucleus tet was sponsored by Hoechst Celanese Corporation in which groups
of five ICR mice of each sex received Dioxolane in corn ail by i.p. injection a 0, 1576, 2048,
2663, 3462 or 4500 mg/kq. Mortdity a the end of a seven-day observation period was used to
cdculate an i.p. LDsg of 2603 mgikg. The high dose for the micronucleus study was set a 80% of
the LD, which was 2100 mg/kg. Lower levels were 1050 and 525 mg/kg. Groups of mice of
each sex were injected with these three dose levels of Dioxolane and sacrificed in groups of five
a 24,48 and 72 hours post injection. Excessve mortaity occurred a the high dose level and
additiona animals were injected to alow sufficient high-dose animas for sacrifice a 72 hours
post injection. The number of micronucleated cells was not increased by treatment with
Dioxolane while the number in the positive control was significantly increased and within the
expected range. The high mortaity observed in the high-dose-group and significant bone marrow
toxicity at the high dose level indicated that the test materia was administered at the highest
practical level. Under the conditions of this assay, Dioxolane did not show genotoxic activity.”®

Dioxolane was tested for induction of single-strand breaks of DNA in rat hepatocytes in vivo.
Male rats were injected intraperitoneally 4 hours before decapitation with dioxolane at a single
dose of 290 mg/kg or 580 mg/kg. Single-strand bresks in DNA were detected by the akaine
elution technique. The elution rates were significantly higher than these of DNA from control rat
hepatocytes, but no dose effect relationship was found. Under the conditions of this assay,
dioxolane was considered to induce singlestrand bresks in DNA.* These resllts are possibly
spurious and related to an impurity of the test material which may have been derived from the
same source as the test materid used in the reported-positive micronucleus test.

An ord evaluation of the ahility of Dioxolane to increase the frequency of dominant lethal
mutations in the germ cells of male rats was conducted. Male rats that received Dioxolane daily
for eight weeks were evaluated for effects on fertility in a weekly mating design. Ora doses of 0,
580 and 1160 mg/kg/day were administered five days per week for eight weeks. Every week
during the treatment period, each male was mated with two femaes. This dosing regime had no
effect on mae fertility indexes. Pregnancy outcomes were aso comparable to controls. System
toxicity was apparent as body weight gains in the 580 mg/kg dose level were 47% of control and
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body weight gain in the 1160 mg/kg dose group was only 22% of control. Liver kidney and
germatic  vesicle weights were increased in dosed animas. Although no functional deficit in
fertility was recognized in these maes, microscopic evidence of testicular degeneration and
dterations in spermatogeness were noted. Three of nine high dose males showed atrophy,
necross and seminiferous epitbelium exfoliation and three low-dose maes were reported to show
seminiferous epithelium exfoliation (one animal showed the presence of large multinucleated
cells). There was no evidence of a dominant lethal effect.

A 12-month inhalation study was conducted using mae rats to evauate the ability of Dioxolane
to increase the frequency of dominant letha mutations in germ cells. Mae rats were exposed to
Dioxolane five hours daly, five days a week, for twelve months, a a concentration of 2500
mg/m3. At the end of the 12-month exposure period, males (14 per group) were mated through
one week with femae rats in a ratio of 1:2. Dams were sacrificed 13-14 days after the middle of
mating intervals for evaluation of conception products. No increase in the number of
preimplantation losses, dead implants and live fetuses per femae was noted in any treated group
as compared to the appropriate control group. Dioxolane did not affect the fertility of males;
however, histopathological changes in the testis were reported. The authors reported that the
frequency of necrosis in the seminiferous epithdium was much higher in treated animas than in
controls but details were not provided. No compound induced dominant letha mutations in germ
cells were found to result from inhalation exposure to Dioxolane under these conditions.*

Summary: Dioxolane has been extensively tested in genotoxicity assays. The weight of the
evidence clearly indicates lack of significant genotoxic potential for this materia. In addition, the
few dudies which suggest genotoxicity cary lower reliabilities.

Recommendation: Dioxolane has been sufficiently characterized for genotoxic activity. No
new studies are recommended.

Reproductive Toxicology

In a one-generation reproduction study, mae Charles River rats (5/group) were exposed to
Dioxolane in their drinking water a concentrations of 0,0.5 or 1 .0% for 90 days prior to mating
with previoudy untreated femaes (10/group, two femaes per mae). Treaiment continued
through the mating period. Dams and pups were examined with respect to survivd and body
weight through postpartum day (PD) 21 and the animas were retained for further

experimentation.  Significant  differences were observed between treated and control animas in
the following: decreased materna body weights (high-dose group on PD 1 and 4, decressed rates
of coupling and parturition, and increased number of tillborn pups (both treatment levels),
decreased survivdl of pups in both treatment groups, and decreased numbers of pups in the high-
dose group. No dignificant differences were observed between treated and control animas in the
following: parental mortality, fecundity or female fertility indices, gross external abnormalities,
and pup body weights. In the second phase of the study, untrested proven-breeder male rats
were mated with the dams that produced the F 1 a litter. The dams were treated with test materia
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continually from the initial (Fla) mating throughout gestation, lactation and a lo-day rest period
after weaning of F 1 a litter before the second mating period. Neither dams nor maes were
exposed after the Flb mating interva darted. Dams and Flb pups were examined with respect to
survival and body weight through postpartum day 2 1, the F 1 b pups were retained for further
testing, and the dams were sacrificed and subjected to histopathological examination.  Significant
differences observed between trested and control animas in the following: decreased fecundity
index, incidence of parturition, and female fertility index at both treatment levels. No significant
differences were observed between treated and control animas in parentd mortdity, mae
fertility index, number of pups born, dillborn, cannibalized, or viable pups (at birth or on
lactation days 1,4, 12 and 2 1), materna or pup body weights, gross materna pathologic
examination, weights maternal  organs (adrenas, both gonads, liver, pituitary, and uterus), and
maternal histopathologic examination.*

In a one-generation reproduction study, male Charles River rais (5/group) were oraly exposed to
dioxolane in their drinking water a concentrations of 0,0.0 1,0.03 or 0.10% for 90 days prior to
mating with previously untreated females (lo/group, 2 females/mal€). Treatment continued
through mating, gestation and lactation. Dams and pups were examined with respect to surviva
and body weight through postpartum day (PD) 2 1 and the animals were retained for further
experimentation. A significant, but likely spurious, difference was observed between treated and
control animas in mae pup body weight (decreased, low-dose group on lactation day 21). No
sgnificant differences were observed between treated and control animals in the following:
maternal mortality, mating and fertility indices, male and female fertility, incidence of parturition,
gross abnormalities in pups, number of pups delivered stillborn or viable, or cannibalized
(lactation days1, 4, 12 or 21), survival indices, female pup body weight, and female parental
body weight.” The high dose, 0.10% in drinking water, is considered a LOAEL.

In a single-generation reproduction sudy, mae Charles River COBS dbino ras (5/group) were
exposed by inhaation to Dioxolane a nominad (measured concentrations were close to nomind
values) concentrations of 0 or 125 ppm for seven hours a day, five days a week, for 90 days prior
to mating with untreated femaes (lo/group, 2/male). Each sex was treated during mating and
females were treated until 1-2 days before delivery. Females and Fla pups were retained for
further tudies, males were sacrificed and necropsied after mating. A dSgnificant  difference was
observed between treated and control animals with respect to decreased relative paterna lung
weight for the FHa mae parentd generation. No significant differences were observed between
treated and control animals in the following: mating, fecundity, male female fertility indices,
incidence of parturition, gross externd pup abnormdities, number of pups delivered, dtillborn,
canibalized or viable pups and number of viable pups through 2 1 days, pup survivd and body
weights, maternad body weights, gross patena necropsy examinations.* In the second part of
this study, after weaning the Fla litter, dams were mated with new maes that had been exposed
to Dioxolane for 120 days prior to mating. Rats of each sex were exposed to Dioxolane vapors
during the 1 5-day mating period and the pregnant femaes were exposed until -2 days before
delivery. No significant differences were observed between treated and control animas in
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fecundity or male fertility indices, ratio of parturition/pregnancy, gross external abnormalitiesin
pups, number of pups delivered, delivered dillborn, cannibdized or viable, or number viable pups
or mean pup weight through 21 days, FIb pups survival data, and maternd body weight. The
femade mating index waes reduced but not with statistical significance.” In summary, athough
treatment did not significantly affect any measured reproductive parameter, there was a tendency
toward an overal reduction in the number of pups born and weaned in both the F 1aand F 1 b

litters of the dosed group. The lack of dtatistical significance may partly be a function of the low
numbers of animals employed in the study. The possibility that the 125-ppm exposure represents
aLOAEL for reproduction in the Fla and Flb litters cannot be excluded.

Effects on mae fertility and the frequency of dominant lethd mutation in germ cells of made rats
were studies by exposing mae rais to 2500 mg/m’® (830 ppm) Dioxolane, five hours a day, five
days a week for 12 months or by exposing mae rats to ord gavage administration of Dioxolane
for eight weeks a 580 or 1160 mg/kg/day (5 days per week for 8 weeks). Exposed rats were
mated with unexposed femdes. Mde fertility was unaffected by these dosing regimes as were
other parameters indicative of a dominant lethd effect. Some trested males were reported to
display foca necross of the seminiferous tubules. These sudies are more fully described in the
genotoxicity section of this document.®

Discussion of Reproductive Toxicology

Adverse reproductive effects of Dioxolane were reported a high dose levels in the drinking water
reproduction  (one-generation) studies. Most notable effects were the apparent reduced femde
mating index, live birth index and pup surviva index at the high dose level (1.0% in drinking
water) for the Fla litter in which the femaes were exposed during mating and gestation.
Examination of the data suggests that effects occurred at the 0.5% drinking water level and were
more severe at the higher dose. The other drinking water study, a lower concentrations, was
below the NOAEL. It could not be clearly determined which was the affected sex due to the sudy
design. The LOAEL for reproductive effects may aso be an effect level for materna toxicity.
There was clear maternal toxicity at the 1 .0% level and mild effects on body weight gain at the
05% level. This same drain of rats was dso examined in a 4-week “pilot” study where only
body-weight gains and water consumption was recorded.? In this dudy, body weight gan was
reduced over the 4-weeks of the study for female rats by 15, 28 and 56 percent a 0.5, 1.0 and 2.0
percent drinking water levels, respectively. Although the reduced body weight gain was not
statistically significant at the two lower doses (due to an n of only 5), it appears that 0.5%
represents a maternally toxic concentration in drinking water.

Adverse effects on reproduction thus are considered to occur a maternaly toxic doses. After
consideration of the data and the information that higher gavage or inhalation doses do not cause
dominant lethal effects and the additional data from the Sitarek et a study®, it can be concluded
that the affected sex in this study was probably the female. The perinatd mortaity reported is
supported by the developmental toxicity study of Sitarek el al.* (described in detail under
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developmental toxicology) in which increased perinatal mortality was reported after dosing
pregnant dams every-other-day at 1150 mgikg Dioxolane.

Another consideration in assessing the potential reproductive toxicity of Dioxolane is
histopathologic changes in the reproductive organs. Three repeat-dose or subchronic glp-studies
conducted careful examinations of mae and femae reproductive organs from exposed ratla and in
only one study was there any finding associated with reproductive organs. In the 14-day gavage
sudy a doses up to 2000 mg/kg/day”, two of ten high-dose males displayed multifocal testicular
degeneration which was described by the pathologist as “the affected tubules had a decreased
amount of spermatogenic cells with evidence of degeneration and formation of multinucleated
giant cdls’ Other males a this doselevel were not affected or were femaes (regarding their
reproductive organs) or any lower-dose animas. In the 14-day inhalation study at concentrations
up to 5 132 ppm® (inhalation of approximately 1700 mg/kg over 6 hours) no mae or femde
demonstrated reproductive organ effects. And, in the 90-day inhaation study a concentrations up
to 30 10 ppm® (inhalation of approximately 1000 mg/kg over 6 hours), neither males nor females
were found with adverse changes to reproductive organs. Taken together, this is strong evidence
that Dioxolane is not a sgnificant reproductive toxicant.

Summary: Dioxolane has an effect on reproductive parameters only at maternaly toxic doses.
The cler NOAEL for these effects was 0.1% in drinking water.

Recommendation: Reproductive effects of Dioxolane are characterized sufficiently for the
purpose of hazard and risk assessment. No additiond studies are  recommended.

Developmental Toxicology

In a developmenta toxicity study sponsored by Hoechst Celanese in 1991, groups of 25
presumed-pregnant rats received Dioxolane in corn oil by gavage from day 6 to 15 of gestation.
Dosage levels were 0, 125250, 500 and 1000 mg/kg/day. Animas were sacrificed on gedtar
tion-day 20, opened and examined for pregnancy, number and placement of implantation sites,
ealy and late resorption, live and dead fetuses and number of corpora lutea. Fetuses were
subsequently examined for gross externd, soft tissue and skeletd dterations. No rats died during
the study and adverse clinicd signs were not reported a any dose level. Body weights of dams
were reduced befween gestation day (gd) sx and seven for 500 and 1000 mg/kg animals.
Transient reductions in feed consumption occurred for the 500 and 1000 mg/kg dose groups. Data
from the preliminary rangefinding study aso indicate that dose levels of 250 mgikg and above
are associated with adverse effects related to the toxicity of the test material. The 1000 mg/kg
dosage levd was associated with Sgnificantly reduced fetal body weights and  significantly
increased litter and fetal incidences of extemaily evident tail malformations, vertebral
malformations interrelated with the tail malformations and septal effects in the heart. High dose
fetuses aso displayed delayed ossfication and one fefus was found with a cleft palate. Significant
adverse fetd effects were not found in the 500-mg/kg group. The NOEL level for dams was
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considered to be 250 mg/kg and the developmentd NOEL was conddered to be 500 mg/kg.
Therefore, Dioxolane is not considered a specific developmental toxicant under the conditions of
this study.*®

A 1992 publication authored by Sitarek et al. ¥ describes a developmental toxicity study of
Dioxolane. The study was divided into two parts. prenatd and postnatal development. In the first
pat, femde rats were given by gavage every other day from days 8-20 of gestation an agueous
solution of dioxolane at daily doses equal to 0.025, 0.1 and 0.2 LDsq (0.14, 0.58 or 1.15 g/kd/). In
the second part (perinatal toxicity), Dioxolane was administered every other day from days 2-20
of gestation a daly doses equal to 0.025, 0.075 and 0.15 LDs, (as stated in the materid and
methods section, dose levels reported in the results and discusson section are the same as in the
first experiment and it cannot be determined what doses were actudly used in the second part).
Dioxolane did not cause increased embryo or fetus intrauterine death rates or congenitd defects at
any dose level. In the prenatal study, the mid (0.58 g/kg) and high dose (1.15 g/kg) were reported
to be associated with dose-related delays in fetal development. High-dose pups also weighed less
and showed reduced mean crown-rump lengths. Examination of the presented data suggests that
the mid-dose effect is margind and probably represents a fetad NOEL of 058 gkg. Maternd
toxicity was manifest a the high dose by reduction in body weight gain and an increase in

relative adrend weights a sacrifice the maternal NOEL appears to be 058 glkg.

In the perinatal study, Dioxolane did not cause impairment of physicd development or behaviora
disturbances. Exposure to higher doses of the compound (stated as 1.15 g/kg) leads to increased
perinatal death rates in the offspring, without causing disturbances in the materna instinct. The
exposure of pregnant rats to dioxolane decreased hemoglobin levels in 5-week-old offspring but
the levels had returned to control by 8 weeks. At a dose 1.15 glkg (0.2 LDsg) the chemica
sgnificantly increased exploratory motor activity of female offspring a the age of 8 weeks, but
did not affect significantly locomotor activity of males and the active avoidance acquisition of
adult  offspring. High-dose males were reported to have reduced body-weight gain between the
14" and 1 5™ week after birth. Perinatal deaths were aso increased it the high-dose group.

These two developmenta toxicity studies used an unusua (every other day) dosing schedule that
might be expected to increase developmental toxicity relative to maternal toxicity. This makes it
more difficult to compare these results to others. The lack of significant malformations, and the
apparent equivalence of the maternal and the developmental NOELs suggest low potential for
developmental  toxicity from Dioxolane exposure.

Summary: the prenatd developmenta toxicity of Dioxolane had been wel characterized by a 4-
dose gavage study demonstrating that Dioxolane is not a specific developmental toxin. At
maternaly toxic doses, adminidtration is associated with increased maformations and delayed
ossfication. The study by Sitarek is supporting in that doses of 575 or 1150 mg/kg/day were not
found to cause adverse effects on the conceptus other than developmenta delays. It is not known,
however, why maformations were not reported at these maternally toxic doses since they were
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reported in the corn-oil gavage (Argus) study. The dosing vehicle in the Argus study was corn ail
while the Sitarek sudy used water; differences in pharmacokinetics based on absorption rates are
a possible explanation. Nevertheless, the developmental toxicity of Dioxolane appears low.

Recommendation: No new dudies are recommended as this endpoint is sufficiently well
characterized.

Other Studies (Non-HPV)

Absor ption/Distribution/M etabolism/Excr etion

Snipes e d. published a paper entitted A method for measuring nasal and lung uptake of inhaled
vapor in which Dioxolane was used a model compound for demongrating methodology. This
paper describes apparatus and methods for measuring upteke of inhaled vapors in the nose and
lungs of dogs. The system dlows sampling of ar from the trachea at specific times during
inspiration and expiration without surgical manipulation of the animal, thus allowing repeated
dudies in the same anima. During exposure, the dogs are anesthetized and cyclic respiratory
patterns are maintained by means of an externa respirator. A pneumotachograph instaled in the
exposure line is connected to a respiratory monitoring system that both monitors the dog's
respiratory pattern and triggers sampling at specific times in the respiratory cycle. Air sampling,
both a the nose and within the trachea, can be done during the entire breathing cycle or during
specific portions of it. Vapors are sampled at a point just externd to the dog's nose and from
within the trachea through a modified endotracheal tube. To develop and demonstrate the system,
three beagle dogs were exposed to Dioxolane at nominal vapor concentrations of 500 ppm; vapor
sampling was triggered for the entire inspiratory and expiratory portions of the breathing cycle
during 10-min exposures. After correcting data to account for vapor that desorbed from the nasal
passages during exhalation (after initially being absorbed in the nose during inhaation), net nasal
uptake of Dioxolane was 66.6%. Lung uptake was 2.1% for Dioxolane.*

It can be concluded from this study that upper respiratory tract upteke of Dioxolane is an
important  absorption mechanism for dogs under these experimenta conditions. Upper respiratory
tract absorption is likely to aso be an important upteke mechanism in humans.

Carcinogenicity
No known completed and reported studies of the carcinogenic potentid of Dioxolane are
available, however, the literature indicates that a least two had been started.

PPG Corporation sponsored a chronic (2-year) drinking water study a Industrid Bio-Test
Laboratories. The in-life portion of the study was started in April 1975 and a draft report dated
7/29/1985 was audited against laboratory data by Experimental Pathology Laboratories (EPL). In
the August 1985 audit report from EPL, it was concluded that the study contains accurate
toxicological information concerning the effects of dioxolane administered to the drinking water
of mae and femade ras. The study had concluded that there were no dtatistically significant
treatment-related  effects in body weight or food and water consumption. A dight reduction in
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testicular weights and an increase in spleen weights in trested male rats was not statistically-
significant’’. The final report of the chronic study was not found in the open literature and it is
presumed that it was never issued.

There is reference to a chronic inhalation study in progress from which maes were used as
breeders for the one-generation inhalation reproduction study.46 It is not known if this chronic
inhdation study was completed or reported.

Conclusions

Examination of the entire data set for Dioxolane indicates that there is a low priority for
additional studies on this material. Dioxolane is mildly toxic by oral administration or by
inhalation. After acute exposure to high levels, reversble CNS depression, typica of most
volatile solvents, appears to be the primary effect. After repeated dose or subchronic
administration, effects on the blood forming systems, manifest as reduction in WB(Cs and
platelets and changes in spleen weight appear to be the most sendtive target organs in rats. The
inhalation NOEL for these effects was found to be 300 ppm for females and 1000 ppm for males
in a 13-week dudy. The ord gavage NOEL was found to be 75 mg/kg/day in a 14-day study.
After oral administration to pregnant females, developmental delays and perinatal mortality are
found only a maternadly toxic doses. Reproductive effects are only apparent at maternaly toxic
levels. The weight of evidence indicates that Dioxolane has low genotoxic potential.

The current exposure pattern is redtricted to industrid workers involved in the manufacture and
subsequent use of Dioxolane. Monitoring data indicate that typica exposures are below 1 .0 ppm,
which is a least two orders of magnitude below the inhalation 13-week NOEL. It is unlikely that
Dioxolane will have any adverse effect a this exposure level. Ferro and Ticona are aware of no
consumer  exposure to  Dioxolane.

Studies on aquatic organisms indicate a low order of acute toxicity for Dioxolane to fish,
invertebrates or aguatic plants. Volatility limits the concern for chronic effects in the aguatic
environment and data from plant effluents indicate that the levels being released from
manufacture are less than 0.1 ppm in plant outfals.

This analysis shows that Dioxolane has a low potential for harming the either human health or the
environment and it is concluded that additional studies would not add significant information. No
additional studies are recommended to fill the requirements of the EPA HPV Challenge Program.
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